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(54) Microprocessor having register file 

(57) A microprocessor (1) is coupled to a memory 
(2), and includes an instruction pipeline (3) and a register 
file (4). The register file (4) includes an address 
read/write circuit (5), a plurality of frame address storing 
registers (6) coupled to the address read/write circuits 
(5), data read/write circuits (7) and (10), and register 
banks (8) of the same number as that of the frame 
address storing registers (6). The register banks (8) is 
coupled to the data read/write circuits (7) and (10), and 
all the register banks (8) are composed of the same 
number of registers (9). The instruction pipeline (3) is 



coupled to the register file (4) through a register desig- 
nating bus (104), a data transfer bus (105), and an 
address transfer bus (106). The instruction pipeline (3) 
is also coupled to the memory (2) through a memory 
address bus (101) and an instruction supply bus (102), 
and the data read/write circuit (10) is coupled to the 
memory (2) through a data transfer bus (1 03). At the time 
of the context switching, the overhead required for the 
save/restore of the content stored in the register file can 
be reduced. 
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Description 



Background of the Invention 



address of a memory space to which the content of the 
register file should be saved, is not previously set. There- 
fore, the operating system executes such a proceeding 
that a data saving region is secured in the memory, and 



Field of the invention 

The present invention relates to a microprocessor, 
and more specifically to a microprocessor having a reg- 
ister file used for a high speed data access. 

Description of related art 

Generally, a microprocessors provided with a plu- 
rality of registers, and a programmed operation is exe- 
cuted in such a manner that data is loaded from a main 
memory to the registers, and an arithmetic and* logic 
operation is executed using thedata held in the registers, 
and then, the result of the operation is written into the 
register, and further, is written from the register to* the 
main memory. The plurality of registers as mentioned 
above are called in a bundle a "register file". In current 
microprocessors, it is an ordinary practice that a register 
file is composed of 32 registers. This register file is small' 
in size in comparison with a memory provided externally 
of the processor and a cache memory provided internally 
in the processor, and therefore, can be accessed with a 
very high speed. In addition, a parallel processing of a 
plurality of readings/writings can be realized with a rela- 
tive low cost. 

As mentioned above, by effectively using the register 
file in the microprocessor, it is possible to speed up the 
processing.On the other'hand, such a disadvantage has 
been encountered in that because of existence of the 
register file, a change-over' of the processing between 
processes or threads becomes late. Here, the "thread" 
means a string of instructions obtained by sharing one 
process into some number of portions which are in par- 
allel to each other or can be executecMn parallel to each 
other. This "change-over of the processing between 
processes or threads" is called a context switching, and 
in the "microprocessor, this context switching frequently 
occurs at the time of the change-over of the processes 
or threads and at the time of an interrupt processing. 

If the context switching occurs, since the register file 
is used for a new process or thread, in order to comply 
this context switching, it becomes necessary to save the 
current execution environment, namely, the current con- 
tents of the register file into the main memory. Ordinarily, 
in the conventional microprocessor, the occurrence of 
the context switching becomes a large overhead in the 
processing. 

The following is the reason for why the conventional 
microprocessor requires a substantial time in order to 
comply with the context switching. First, an operating 
system or a user's level library is required to intervene, 
and secondly, the current execution environment to be 
saved includes a large amount of information. 

One of the reasons for why the operating system or 
the user's level library is required to intervene, is that an 



5 the contents of the'register file and a program counter 
are stored in the secured data saving region. This exe- 
cution environment may be called a "processor status", 
from the viewpoint oi such meaning that an address is 
not allocated in the* memory space and hardware is 

10 maintained in the microprocessor. 

The above mentioned context switching has been 
explained in many textbooks in the field of a computer 
science and the operating system, for example, A. Sil- 
berschatz. J. Peterson and P. Galvin "Operating System 

is Concepts" Addison -Wesley Publishing Company, page 
1 06, the disclosure of which is incorporated by reference 
in its entirety into the present application. In this book, 
the reason for the intervention of the operating system 
, or the user's. level library is mentioned to secure the con- 

20' tent stored in the register file." 

In order to overcome the above mentioned problem 
of the context switching, the prior art has proposed a reg- 
ister window technique, which is, adopted in the register 
file of a SPARC architecture which is famous as one 

25 means for a RISC (reduced instruction set computer) 
architecture of the microprocessor. The register window 
technique has been explained in detail in many textbooks 
in the f ieid of a computer science, for example. Prentice 
Hall, "The SPARC Architecture Manual", SPARC fnter- 

30 national, Inc. , Chapter 4, the disclosure of which is incor- 
porated by reference in its entirety into the present 
application. 

Now, a basic conception and operation of the regis- 
ter file based on the register window technique will be 

35 described with reference to Figure 1 , which illustrates a 
plurality of register windows included in the register file. 

As shown* in Figure 1 , the register file, generally des- 
ignated by Reference Numeral 40, is divided into N reg- 
ister windows including a register window 601 1, a 

40 registerwindow60l2,.aregisterwindpw60l3. ■ ••. areg- 
ister window 601 (N ; i"j,' and a " register window 601 N . 
These register windows partially overlap each other. In 
, Figure 1 , the hatched portion shows an overlapping por- 
tion of each pair of adjacent register windows 

45 Now, assuming that at the time of a function call, a 
calling function uses a certain window, and a called func- 
tion uses a window next to the window used by the calling 
function.' In this manner, since separate windows are 
used, it is no longer necessary to save and restore the 

so content of the registers in response to the function call- 
ing, differently from the conventional register file. The 
overlap between the register windows is used for transfer 
the argument between the functions. 

As mentioned above, the register window technique 

55 has been developed in order to speed up the function 
calling However, as mentioned in the appendix D of the 
above referred "The SPARC Architecture Manual", the 
disclosure of which is incorporated by reference in its 
entirety into the present application, the register window 
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technique may be used in order to speed up the context 
switching, for example by allocating each window to each 
process or thread. Thus, similarly to the function calling, 
the saving and restoring of the content of the register in 
response to the context switching is no longer necessary. 
In this case, however, it is hot possible to use the overlap 
between the register windows. 

As mentioned hereinbefore, in the conventional 
microprocessor, the register file is indispensable in ele- 
vating the performance of the microprocessor. However, 
when the context switching occurs, the. content of the 
register file must be saved into the memory,' resulting in 
the generation of a large, overhead. This overhead 
becomes a serious problem in an application environ- 
ment in which the context switching occurs frequently. 
This becomes a hindrance in working, for example, in 
embedded system in which a microprocessor is used for 
control an external instrument, or in a parallel processor 
system using a plurality of microprocessors. 

On the other hand, in the conventional register win- ^ 
dow, if the number of register windows provided in the 
register file is sufficient, it is advantageous since it is not 
necessary to save the content of the registers. In addi- 
tion , it is possible to speed up the context switching How- 
ever, if the number of register windows becomes short 25 
or insufficient, it becomes necessary for the operating ' 
system to intervene so as to save the content of the over- 
flowing register window into the memory. . In .this case, 
there is required^ "processing, time longer than that 
required when the context switching occurs in -the con-. 30 
ventional register file. ; ■ 

Summary of the Invention .. . . . , lt , 

Accordingly,, it \s an object of the'presept invention 35 
to provide a microprocessor haying a,reg lister. file, which 
has overcome the above* mentioned defect of the con- , 
ventional one. / . ~ ... ■, ; 

Another object of the^ present invention is to provide 
a microprocessor having, a riew register file which can : 40 
realize a high speed, mpYeVl^ib^ ' ( \ 

The above and other objects o^the present indention _ 
are achieved in accordanceVith the present jrWentiqn by ' " 
a microprocessor including at least a register f ile . and an, ; 
instruction pipeline and so ' configured .that J a data 45 
load/store processing is pierformed between the register . 
file and an external memory, the register file comprising: 
a plurality of register banks each composed of the 
same number of registers; 

a plurality of frame address storing registers of the so 
same number as that of the plurality of register banks; 

a first data read/write means connected to the 
instruction pipeline through a register designating bus 
means and a first data transfer bus means and also cou- 
pled to the plurality of register banks; 

an address read/write means connected to the . 
instruction pipeline through an address transfer bus 
means and coupled to the plurality of frame address stor- 
ing registers; and 



a second data read/write means coupled to the 
plurality of register banks and connected to the memory 
through a second data transfer bus means. 

In a preferred embodiment, the microprocessor fur- 
5 ther includes a plurality of frame status storing registers 
of the same number as that of the plurality of register 
banks, and a frame status update means connected to 
the instruction pipeline through a.frame status transfer 
line means and coupled to the plurality of frame status 
w storing registers. 

In a more preferred embodiment, the microproces- 
sor further includes a plurality of register bank number 
storing registers of the same number as that of the plu- 
rality of register banks, and a register bank selection 
75 means connected to the instruction pipeline through a 
register designating line means and coupled to the plu- 
rality of register Bank number storing registers. 

The above and other objects, features and advan- 
tages of the present invention will be apparent from the 
^ following description of preferred embodiments of the 
invention with reference' to the accompanying drawings. 

Brief De^nptibiV of the DVawings 

Figure 1 illustrates the conventional window register 
technique;' ' \'.' „ 1^' 

Figure 2 js a block diagram i of a first embodimeht of 
the microprocessor in accordance with the present 
invention; 

Figure ,3 illustrates a v fr^me^ address designating 
method when a daia Jpad/5tore instruction in units 
of frame Wexecuted .in the first embodiment shown 
in Figure 2; . , J, . 

Figure 4 is ablockdiagram of a second embodiment 
of the microprocessor in accordance with "the 

present invention; _ . 

Figure 5 is a^status 'tratis itiph diagram illustrating a 
frame ^validatip^rWaf^atipn'ih the second embbdi- 
menHhown }n ^Figure 4; arid 
Figufe'6 ;js atibck diagram of a third embodiment of 
the/microproce^or^ accordiance with the present 
invention! 

Description of the Preferred embodiments 

Referring to Figure 2, there is shown a blockdiagram 
of a first embodiment of the microprocessor in accord- 
ance with the present invention. \ . 

The shown microprocessor is generally designated 
by Reference Numeral 1 , and is coupled to a memory 2. 
The microprocessor 1 includes an instruction pipejine 3 
and a register file 4. . 

The register file 4 includes an address read/write cir : 
cuit 5, a plurality of frame address storing registers 6 cou- 
55 pled to the address read/write circuit 5. data read/write 
circuits 7 and 10, and register banks 8 of the same 
number as that of the frame address storing registers .6. 
The register banks 8 are coupled to the data read/write 
circuits 7 and 10, and all the register banks 8 are com-. 
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posed of the same number of registers 9. Within the 
microprocessor 1 , the instruction pipeline 3 is coupled to 
the register file 4 through a register designating bus 104, 
a data transfer bus 1 05. and an address transfer bus 106. 



the address transfer bus 1 06 and the address read/write 
circuit 5. , ' , 

The processing of the frame storing instruction can 
be p e rform e d i n two ways. I n th e f i rst stor i ng way, from 



The instruction pipeline 3 is also coupled to the memory 5 
2 through a memory address bus 101 and an instruction 
supply bus 102, and the data read/write circuit 10 is cou- 
pled to the memory 2 through a data transfer bus 103. 
Incidentally, the instruction pipeline 3 is in charge of an 
internal sequential processing executed in a pipelined w 
fashion in accordance with instructions described in a 
program. 

Now, general operation of the microprocessor 1 will 
be explained. 

First, the instruction pipeline 3 designates through 75 
the memory address bus 101 an address within the . 
memory 2, so that an instruction stored in the designated 
address is read out from the memory 2 and supplied 
through the instruction supplying bus 1 02 to the instruc- 
tion pipeline 3. In the instruction pipeline 3, a processing 20 
designated by the read-out instruction is executed. When 
the designated processing is executed, if data stored Sn 
a register 9 in the register banks 8 of the register f il e 4 is 
required, or if the result of the processing .is to be stored . 
in a register 9 in the register banks 8, the register 9 in 25 
the register file 4 is accessed. When a load/store instruc-/ 
tion of data not greater than one word is processed, data ! 
is transferred between one register 9 and the memory 2 
through the data transfer bus 1 03,and the data read/write 
circuit 10. The address for the memory 2 is supplied from 'so 
the instruction pipeline^ through. the memory address : 
bus 101 to the memory 2. Here, the "word" indicates the 
size or the bit. number of data stored in one register 9. . 

The above is an operation in common to the conven- 
tional microprocessor and the microprocessor 1 of the 35 
shown embodiment.. . 

In the following, an ..operation when a load/store 
instruction of data in units of frame is processed, will be 
explained. Here, the "frame" is defined to. mean data of , 
the same bit number as that of one register bank In 44 
the embodiment shown in Figure 2, for example, four reg*-. . 
ister banks 8 are provided, and each of the register banks^ / 
8 is composed of eight registers 9. In this case, the size 
of one frame is eight words. In addition, the "frame ' * \ 
address" means an address in the memory 2 given to .45/ 
this frame. 

When a frame load instruction is processed, the 
frame address is designated through the memory 
address bus 1 0.1 by the instruction pipeline 3, so that the 
frame stored at a location indicated by the designated so 
frame address is written into the register bank 8 through 
the data transfer bus 1 03 and the data read/write circuit 
10. Which of the register banks 8 should be written, is 
designated from the instruction pipeline 3 through the 
register designating bus 1 04 and the data read/write cir-, 55 
cuit 7. In addition, the designated frame address is writ- . 
ten into the frame address storing register 6 
corresponding to the designated register bank 8, through 



which of the register banks 8 the frame is to be stored in 
the memory 2, is designated through the register desig- 
nating bus 104 by the instruction pipeline 3. On the other 
hand, the frame address stored in the frame address 
storing register 6 corresponding to the designated reg- 
ister bank 8 is used as the frame address indicating a 
storing location of the memory 2. This frame address is 
read out by the address read/write circuit 5 and supplied 
through the address transfer bus 106 to the instruction 
pipeline 3, so as to be further supplied through the mem- 
ory address bus 101 to the memory 2. 

In the second way, from which of the register banks 
8 the frame is to be stored in the memory 2, is designated 
through the register designating bus 104 by the instruc- 
tion pipeline 3, and on the other hand, a stored destina- 
tion frame address is designated through the memory 
address bus 101 by the instruction pipeline 3. Thus, the 
designated frame is stored at a location in the memory 
2 corresponding : to the designated frame address. 

Referring to Figure 3, there are illustrated the frame 
address designating ways when an instruction for load- 
ing/storing data in units of frame is executed in the first 
embodiment shown in Figure 2. 

Assume that when the frame is loaded from the 
memory 2 into the register file 4, for example, the frame 
address "A" is designated. As shown in the operation line 
201 , the frame stored at a location in the memory 2 des- 
ignated by the. frame address "A", is read out from the 
memory 2, and stored into the designated-register bank 
8. In addition,. the frame address "A" is stored into the 
corresponding frame address storing register 6. . 

In order to store this frame in the.above mentioned 
first way, as shown in the operation. line 202, the.frame . 
is stored in the read-out original location, of the memory 
2. On the other hand, in order to store this frame in the 
above mentioned second way, as shown in the operation 
line 203, the frame "A" is stored imp, a location in the 
memory 2 designated by the frame address "C", regard- 
less of from where in the memory the frame is read out 
for loading into, the register file. 

Now, a second embodiment of the microprocessor 
in accordance with the present invention will be 
described with reference to Figure. 4, which is a block 
diagram of a second embodiment of the microprocessor 
in accordance with the present invention. 

The microprocessor of the second embodiment is 
generally designated by Reference Numeral 14, and is 
coupled to .a memory 15. The microprocessor 14 
includes an instruction pipeline 16 and a register file 17. 

The register file 17 includes an address read/write 
circuit 18, a plurality of frame address storing registers 
19 coupled to the address read/write circuit 18, a frame 
status update circuit 20, frame status storing registers 
2 1 of the same number as that of the frame address stor- 
ing registers 19, data read/write circuits 22 and 25, and 
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register banks 23 of the same number as that of the 
frame address storing registers 19. The frame status 
storing registers 21 is coupled to the frame status update 
circuit 20. The register banks 23 is coupled to the data 
read/write circuits 22 and 25, and all the register banks 5 
23 are composed of the same number of registers 24. 

Within the microprocessor 14, the instruction pipe- 
line 1 6 is coupled to the register file 1 7'through a register 
designating bus 304, a data transfer bus 305, ah address 
transfer bus 306, and a frame status transfer bus 307. w 
The address read/write circuit 1 8 is coupled tb the frame 
status update circuit 20 through a frame save control line 
308. The instruction pipeline 16 is also coupled to the 
memory 1 5 through a memory address bus 301 and an 
instruction supply bus 302, and the data read/write circuit 'is 
25 is coupled to the memory 15 through a data transfer 
bus 303. 

In this second embodiment, the newly added frame 
status storing registers 21 stores information indicating 
whether or not the frame stored in a corresponding reg- '20 
ister bank 23 is valid. Figure 5 is a status transition dia- ^ 
gram between the' frame validation and the frame 
invalidation in the second embodiment shown in 5 Figure! 
4. In Figure 5. legends (1), (2) and (A) added'to arrow- " 
head curved status 1 transition lines indicate an event 25 
which cause any status transition, the status transition 
(1) shows to load a frame into a corresponding register 
bank 23. and the status transition (2) shows to write into 
a register 24 in the register bank 23'. The status transition 
(A) shows to store the framei in accordance with- the 30 
above mentioned second way."' * ' '' : '['".' . 

Now, assume that some frame is invalid (403). If data 
is written from the instruction pipelihe 16 into any of the 
registers 24 of the register bank 23 that Includes the 
invalid frame, the status changes to valid (40l) as shown 35 
by the transition line 405: On the other hand, if a frama 
is newly loaded from the memory 5 15 into the Register 
bank 23 holding a valid frame (40*1) . the status changes' 
to invalid (403) as shown by the transition line 406, and 
at the same time, the*fra^e ; whieh i was Valid (401) is 40 
stored into the memory isVna&brdanbe with the second ' 
storing way. Namely, the frame a&dress 1 stored hr a cor- 
responding frame address storing' register 19 is'used to " / 
designate a memory location in the memory 15," so' that" ; " 
the frame which was valid (401)' is stored at the : desig- '''4s 
nated memory location in the memory 15. 

In addition, when data is written from the instruction 
pipeline 16 into any of the registers 24 of the register 
bank 23 holding the valid frame (40 1 ), the valid status is 
maintained as it is as shown by the transition line 402. so 
On the other hand, when a frame is newly loaded from 
the memory 15 into the register bank 23 including an 
invalid frame (403), the invalid status is maintained as it 
is as shown by the transition line 404, and the' newly 
loaded frame is overwritten onto the invalid frame (403). 55 

In the microprocessor shown in Figure 4', generation 
of an event which causes the status transition, is notif ied 
from the instruction pipeline 16 through the frame status 
transfer bus 307 to the frame status update circuit 20, 



which in turn calculates a next status on the basis of the 
respective frame status storing registers 21 and updates 
the content of a required frame status storing register 21 . 

When a frame is loaded from the memory 15, if a 
valid frame held in the register bank 23 is saved in 
accordance with the first storing way in response to the 
status transition (406), this is notified through the frame 
save control line 308 to the address read/write circuit 1 8. 
In reply to this notification, theframe'address of the frame 
to be saved is read out from the frame address storing 
register 1 9, and transferred through the address transfer 
bus 306 to the instruction pipeline 16. In addition, the fact 
that it becomes necessary to save the frame in the first 
storing way, is notified through the frame status transfer 
line 307 to the instruction pipeline 16. Thus, in the 
instruction pipeline 16, in accordance with the proce- 
dures of the first 'stoVing way, the frame concerned is 
stored or saved into the memory 15, and thereafter, the 
designated frame is Ipaded into the register bank 23. 

Referring to Figure 6, there is shown a block diagram 
of a third embodiment of the microprocessor in accord- 
ance withthepresinVihvehtion. 

The microprocessor of tfie third embodiment is gen- 
erally designated by Reference Numeral 26, and is cou- 
pled to a memory 27! The "microprocessor 26 includes 
an instruction pipeline 2*8 and a register file 29:,; 

The register file 29 includes ah address read/write 
circuit 30. a plurality of franie address storing registers 
31 coupled to "the address read/write circuit 30, a frame 
status update circuit 32, frame status storing registers 
33 which are of the same number as that of the frame 
address stbringYegisters'31 'and'which are coupled to 
the frame status update circuit 32, data read/write cir- 
cuits 34 arid 37, register banks 35 which are of the same 
number as that of the frame address storing registers 31 
and which are coupled to data read/wf ite ! circuits 34 and 
37, a register bank selection circuit 38, and register bank 
number registers 39 which are of the same number as 
that of th6 frame ;aSdress^tbf ihg registers 31 and which 
are coupled to the register : bank selection circuit 38. All 
the register banks 35 are composed of the same number 
of registers 36. 

Within the microprocessor 26, the instruction pipe- 
line 28 is coupled to the register file 29 through a data 
transfer bus 505, an address transfer bus 506, a frame 
status transfer bus 507 and a register designating bus 
509. The address read/write circuit 30 is coupled to the 
frame status update circuit 32 through a frame save con- 
trol line 508. The instruction pipeline 28 is also cbupled 
to the memory 27 through a memory address bus 501 
and an instruction supply bus 502, and the data 
read/write circuit 37 is coupled to the memory 27 through 
a data transfer bus 503. 

In comparison with the second embodiment, this 
third embodiment is characterized by newly comprising 
the register bank selection circuit 38 and the plurality of 
register bank number registers 39. In the first and second 
embodiments shown in Figures 2 and 4, the number of 
the register banks 8 and 23 in the register files 4 and 1 7 
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is limited by the size of register set. but in this third 
embodiment; the number of the register banks 35 can 
be freely set. Here, the "size of register set" means the 
number of registers which can be designated from an 



In addition, by adding the means for discriminating 
whether the frame stored in the respective register banks 
is valid or invalid, the above mentioned automatic frame 
saving can be performed effectively. In this point, it is pos- 



instruction of a processor. Differently from the restriction 5 
in the first and second embodiments, this third embodi- 
ment can set the number of register banks 35 to the effect 
that the number of the registers 35 within the register file 
29 is larger than the size of register set. With this 
arrangement, each of the register bank number registers w 
39 associated to the register banks 35 stores the register 
bank number indicating to which register bank in the reg- 
ister set the associated register bank 35 corresponds. 
For example, assume that each of the register banks 

35 is composed of eight registers, and the "size of reg- is 
ister set" is 32 registers. In this case, it would be under- 
stood that the register set is constituted of four banks, 
namely, bank "0" to bank "3". Therefore, the register bank 
number can take four values from "0" to "3". In in e third 
embodiment, on the other hand, it is sufficient if, the 20 
number of the register banks 35 included in the register 

file 29 is not smaller than four, but it is not required to be 
four. Instead, the register bank number in the register set 
is stored in the register bank number register 39, so that 
the register bank 35 is indirectly accessed. Namely, the 25 
register hank selection circuit 38 compares the register. 

36 or the register bank 35 designated by the instruction 
pipeline 28 through the register designating bus 509, 
with the register bank number stored in the register bank 
number registers 39, arid if coincidence is obtained, the 30 
coincident register bank' 35 is accessed. 

In order to load a new frame, the register bank 35 
storing an invalid frame is selected by the register bank 
selection circuit 38, and the frame is stored in the 
selected register bank 35. The register bank number of 35 
the loaded destination is stored in the register bank 
number register 39 corresponding to the register bark 35 
loaded with the frame, and also, the frame address of the 
loaded frame is stored in the corresponding frame 
address storing register 31. The status of the corre- 40 
sponding frame state storing register 33 is changed in 
accordance with the status transition procedure 
explained in connection with the second embodiment. 

Incidentally, if a plurality of invalid register banks 
exist, the register bank selection circuit 38 determines or 45 
selects which of the invalid register banks should be 
loaded with the frame. For example, it can be considered 
to select in accordance with an algorithm such as an LRU 
(Least Recently Used) algorithm. 

As explained above, the present invention is charac- so 
terized in that the address in the memory space is given 
to the data stored in the registers and held in the register 
file. With this arrangement, it is no longer necessary to • 
save the data stored in the registers, into the memory 
space of the operating system. Instead, the data can be 55 
automatically saved to a location of a given address by 
means of hardware if necessary. Thins, it is possible to 
avoid the drop of the processing speed at the time of the 
context switching. 



sible to avoid the drop of the processing speed at the 
time of the context switching. 

Furthermore,, the register bark number register is 
associated to each of the register banks, so that the reg- 
ister bank number in the register set is stored in the reg- 
ister bank number register. With this construction, it 
becomes possible to cause the register bank in the reg- 
ister set to virtually correspond to the register bank in the 
register "fije. Namely, the register banks of the number 
larger than the number of register barks which can be 
actually designated by instructions, are prepared as 
hardware, and some of the register banks are allocated 
to the register. set. In this construction, it is possible to 
reduce the number of the automatic saving by the hard- 
ware at the time of the context switching. Therefore, it is 
possible to further speed up the processing speed at the 
time of the context switching. 

Differently from the conventional register window 
technique, the registerf ile in accordance with the present 
invention is such that each frame has the frame address 
in the memory. Accordingly, it is possible to store the 
frame into the memory by means of the hardware means. 
Thus, when an overflow occurs in the register file, the 
time required for processing the overflow can be short- 
ened. Similarly, it is possible to further speed up the 
processing speed at the time of the context switching. 

Since the : unit of data which is called the frame and 
which is. composed of a plurality of words, is newly intro- 
duced, and since the address in the memory is given in 
units of frame. This is very effective in reducing the over- 
head in the hardware, in comparison with the case in 
which an address is given for each register. In addition, 
if a batch transfer in units of frame is^cbmbined with the 
register file in the present invention, it is possible.to fur- 
ther speed up the processing speed! 

The invention has thus been shown and described 
with reference to the specific ernbodiments. However, it 
should be noted that the present' invention is in no way 
limited, to the details of the illustrated structures but 
changes and modifications may be made. 

Claims 

1. A microprocessor including at least a register file 
and an instruction pipeline and so configured that a 
data load/store processing is performed between 
the register file and an external memory, the register 
file comprising: 

a plurality of register banks each composed 
of the same number of registers; 

a plurality of frame address storing registers 
of the same number as that of said plurality of reg- 
ister banks; 

a first data read/write means connected to 
said instruction pipeline through a register designat- 
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ing bus means and a first data transfer bus means 
and also coupled to said plurality of register banks; 

an address read/write means connected to 
said instruction pipeline through an address transfer- 
bus means and coupled to said plurality of frame 5 
address storing registers; and 

a second data read/write means coupled to 
said plurality of register banks and connected to said 
memory through a second data transfer bus means. 

10 

2. A microprocessor claimed in Claim 1 further includ- 
ing: 

a plurality of frame status storing registers of 
the same number as that of said plurality of register 
banks; and ' . ' is 

a frame status update means connected to 
said instruction pipeline through a frame status 
transfer line means and coupled to said plurality of 
frame status storing registers. 

' ' ■ ' 26 

3. A microprocessor claimed in Claim 2 further includf 

ing: 

a plurality of register bank number storing 
registers of the same number as that of said plurality 
of register banks; and 25 

a register bank selection means connected 
to said instruction pipeline through a register desig- ' 
nating line means and coupled to said plurality of 
register bank number storing registers. 

' ' . 30 . 

4. A microprocessor claimed in Claim 3 wherein said 
register bank number storing register corresponding 
to one of said register banks stores the Register bark 
number for a frame stored in said corresponding reg- 
ister bank, so that, when said register file is 35 
accessed, the register bank number is designated, 
and the register bank cbrresponding to said register 
bank number storing register Holding the designated 

register bank number is accessed^ 7 ' 

. ;.- *• ; .--.■*:■■■■ - ■■ ■■ 4Q 

5. A microprocessor ciaimeci in any of Claims 2 to 4 
wherein said frame status storing register corre- 
sponding to one of said register banks stores infor- ' 
mation as to whether the " f rame stored in said 
corresponding register bark is "valid" or "invalid", 1 4s 
and, when said frame is loaded from said memory 

to said corresponding register bank, if said frame 
status storing register corresponding to said corre- 
sponding register bank indicates "invalid", said 
frame stored in said corresponding register bank is so 
automatically stored into said memory 

6. A microprocessor claimed in any of Claims 2 to 5 
wherein when data is written by said instruction pipe- 
lined into some register in one register bank of said 55 
register banks, the status stored in said frame status 
storing register corresponding to said one register 
bank is brought to indicate "valid" and when a new 
frame is loaded from said memory into some register 



in one register bank of said register banks, the status 
stored in said frame status storing register corre- 
sponding to said one register bark is brought to indi- 
cate "invalid". 

A microprocessor claimed in any of Claims 1 to 6 

wherein said frame is defined to be data hav- 
ing the same bit length as that of said register bark, 
and a frame address is defined to indicate an 
address in said memory where said frame is stored, 
wherein said frame is loaded from said mem- 
ory to said register file in accordance with a load pro- 
cedure, in which said frame address and said 
register bank are designated, and said frame stored 
in said memory at said designated frame address is 
read out to' be loaded in said designated register 
bank, and said designated frame address is stored 
in said frame address storing register corresponding 
to said said designated register bank, and 

wherein said frame is stored into said mem- 
ory from said register file either in accordance with 
a first storing procedure, in which said register bank 
is designated, a storing memory location in said 
memory is designated by said frame address stored 
in said frame address storing register corresponding 
to said designated register bank, and then, said 
frame stored in said designated register bank is read 
and .stored into said designated storing memory 
location in said memory, or in accordance with a sec- 
ond storing procedure, in which^said frame address 
and said register bank are designated, and said 
frame stored in said designated register is read and 
stored into a memory location in said memory des- 
ignated by said designated frame address. 
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(54) Microprocessor having register file 

(57) A microprocessor (1) is coupled to a memory 
(2), and includes an instruction pipeline (3) and a regis- 
ter file (4). The register file (4) includes an address 
read/write circuit (5), a plurality ol frame address storing 
registers (6) coupled to the address read/write circuits 
(5). data read/write circuits (7) and (10), and register 
banks (8) of the same number as that of the frame 
address storing registers (6). The register banks (8) is 
coupled to the data read/write circuits (7) and (10), and 
all the register banks (8) are composed of the same 
number of registers (9). The instruction pipeline (3) is 



coupled to the register file (4) through a register desig- 
nating bus (104), a data transfer bus (105), and an 
address transfer bus (106). The instruction pipeline (3) 
is also coupled to the memory (2) through a memory 
address bus (101) and an instruction supply bus (102), 
and the data read/write circuit (10) is coupled to the 
memory (2) through a data transfer bus (103). At the 
time of the context switching, the overhead required for 
the save/restore of the content stored in the register file 
can be reduced. 
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